Most professional engineering bodies expect practicing engineers to be committed to the environment, to the extent of acting as environmental advocates. To meet such expectations, engineering students need to achieve learning goals that are both cognitive (knowledge related) and affective (attitude related). This article reports on the results of one instrument to measure the extent to which engineering students in undergraduate programs at the University of Toronto realize these goals. The students surveyed were in civil engineering (both general and environmental streams), mineral engineering, and the environmental streams of chemical and mechanical engineering.
The measurement of attitude toward the environment has received significant attention in the environmental education literature. Dunlap and van Liere (1978) developed an instrument, the New Environmental Paradigm, for measuring respondents' worldviews with respect to the environment. Likerttype scale instruments assessing several dimensions of environmental concern have been developed and applied by Steiner and Barnhart (1972) , Kuhn and Jackson (1989) , and Berberoglu and Tosunoglu (1995) . Changes in the attitudes of university students with time have been measured: Thompson and Gasteiger (1985) compared environmental attitudes between university students in 1971 and 1981; HessQuimbita and Pavel (1996) followed 18,000 students from the freshman class of 1985 past graduation. A shorter term study of attitudinal change, over the duration of one environmental studies course, was undertaken by Smith-Sebasto and D'Costa (1995) , who found that students completing the course showed an increase in internal locus of control for reinforcement for environmentally responsible behavior and an increase in self-reported environmentally responsible behaviors relative to a control group.
Although there have been many studies of attitude changes in environmental education, as mentioned above, a review of this literature by Hyde (1999) did not uncover any such studies focused on engineering students. Consequently, several faculty members teaching environmental engineering courses at the University of Toronto designed a survey for examining changes in students' affective learning. The surveys also provided an opportunity to examine students' technical knowledge of several fundamental civil and environmental engineering concepts outside of a formal examination procedure. In the course of an undergraduate curriculum, students learn a vast amount of material-and become adept at applying this knowledge under examination conditions. But just how well are environmental engineering principles and attitudes ingrained into students' overall knowledge bases?
Method
The survey was first administered to 102 students at the beginning of their 2nd year of undergraduate study; the identical test was then given to the same group of students 18 months later, near the end of their 3rd year. To provide a greater context for evaluating the results, the fixed-problem portion of the test was also administered to the majority of the faculty in the environmental section of the department of civil engineering. Over their 2nd and 3rd year, participating students took several environmental and water resources engineering courses, in which they were instructed on material covered on the survey. These courses included engineering ecology, hydrology and hydraulics, chemistry, municipal engineering, and transportation engineering. A few of the students (those in the environmental engineering stream) also took a course in environmental risk assessment.
The first section of the survey consisted of 26 forced-answer questions (see Table 1 ). The students were given short statements and asked to express the degree to which they agreed with each statement. Their responses were recorded on a Likert-type scale ranging between 1 (strongly agree) and 5 (strongly disagree). The students were also offered the option of answering 0 (insufficient knowledge to answer) (see Table 2 ). At the beginning of the survey, students were given a relatively detailed list of instructions to aid in the interpretation of statements and the formulation of their answers (see Table 3 ).
The second part of the survey comprised several open-answer questions. Students were asked to list the five most significant activities that they would expect to conduct as practicing engineers. They were questioned about their attitudes toward the environment, the life experiences they believed influenced their attitudes, and their environmental role models.
Results
The students' responses to the forced-answer questions are discussed first, followed by a reflection of the environmental engineering professors'reactions to the same questions. After this, the students'answers to the more open-ended questions are discussed in somewhat greater detail.
Forced-Answer Questions
The 26 structured questions were assessed with respect to the percentage of students indicating knowledge of the statement and the percentage of students giving the correct or preferred answer where appropriate (see Table 4 ). For the purpose of analysis, the statements have been classified as definitions, facts, technical questions with opinion, and attitudinal statements (see Table 4 ).
To help judge whether there was significant change between the fall 1999 pretest results and the posttest answers, comparison was also made with the pretest results of the next class of students. These students took the pretest in fall 2000. There was remarkable consistency between the two sets of pretest results, with percentage responses being similar for approximately 75% of the questions. The main exceptions to this trend were Questions 1, 3, 4, 6, and to a lesser degree 20 and 25. The extent of observed changes between the pretest (fall 1999) and the posttest depended on the type of statement posed.
Answers to definitional and factual questions in the forced-answer section generally demonstrated that students were improving their technical knowledge. This was exhibited by fewer students answering 0 (insufficient knowledge to answer) and a general trend toward correct answers. The responses to Statement 11 provide a good example (Figure 1 ). The pretest responses to this statement ("The water level in a river will often continue to rise for a few hours after rain has fallen in the upstream catchment area") confirmed the impression that many undergraduate students enter the program with weak intuitive senses of hydrological systems. Over one third of the class indicated a lack of knowledge relating to river water levels and rainfall in catchment areas. The posttest results showed a significant (and reassuring) shift in responses toward strongly or weakly agreeing with the statement. Similarly strong indications of technical learning were exhibited in answers to Questions 5, 12, 14, 21, and 23. Students' responses to more subtle technical questions were mixed. For example, following courses in hydrology and hydraulics and municipal engineering, students should have learned that many hydraulic structures are designed with the knowledge that their capacities will be exceeded by extreme events. That is, such systems must often be designed with the knowledge that they will sometimes fail, but when they do, they must fail safely (i.e., so-called safe-fail systems). Students' answers to Statement 20 ("It is always irresponsible for engineers to design systems that they know will fail") did show movement toward this understanding (Figure 2) . But on the posttest, 23 students still thought that it is irresponsible for engineers to design systems that they know will fail. This response likely reflects a strong prior opinion that if an engineer's system fails, that engineer made a mistake. As Slovic and Lichtenstein (1971) noted some time ago, initial estimates or opinions often overly constrain and bias adjustments in the light of new data.
Several of the questions posed are particularly interesting because they touch on complex environmental issues that require technical knowledge but are also 2. Actions taken to prevent the formation of pollution from engineering processes always save money. 3. Environmental systems can be readily modeled and understood. 4. Sustainable development is possible with the current level of human population growth. 5. The reduction of biodiversity in an ecosystem decreases the stability of the ecosystem. 6. When species compete for identical resources in an ecosystem, one species will always succeed, causing extinction of the other species. 7. Levels of contaminant toxicity in lakes and rivers that are considered acceptable to humans, are generally also safe for other life forms. 8. Deep subsurface injection of liquid wastes, e.g. into the bedrock 1 km below ground surface, is an acceptable practice since it removes potentially harmful liquids from direct human exposure. 9. Dilution of contaminants is the best solution to pollution. 10. Despite its negative environmental impacts, the convenience, comfort and economy of the automobile are too important for this mode of transport to be abandoned by city dwellers. 11. The water level in a river will often continue to rise for a few hours after rain has fallen in the upstream catchment area. 12. A flux is the rate of transfer of some quantity per unit area, or a net rate of transfer over an entire surface. 13. A watershed is a portion of land from which surface water drains through a specified point. 14. Carbon dioxide and methane are two primary greenhouse gases that are thought to be causing global climate change. 15. Recycling schemes for which operation costs exceed the value of recycled materials should be closed down since they are an unnecessary financial burden on local taxpayers. 16. When humans interfere with nature, it often produces disastrous consequences. 17. Most problems can be solved by applying more and better technology 18. The positive benefits of economic growth far outweigh any consequences. 19. Environmental laws are too strict if the economy suffers. 20. It is always irresponsible for engineers to design systems that they know will fail. 21. Roads are a critically important part of the runoff system and their hydraulic characteristics must be carefully designed. 22. Adding many extra pipes to "loop" a water distribution system is both prudent and allows development of efficient and effective supply systems. 23. A dose-response curve is generally nonlinear. 24. Since the environmental impacts of an engineering project can almost always be mitigated to a level allowed by law, there is little need to consider different types of solutions. 25. The cumulative environmental effects of a proposed new highway are generally insignificant. 26. pH is a measure of hydrogen ion concentration. Figure 3 ). The question asked students whether the deep subsurface disposal of liquid wastes is an acceptable practice. After having been introduced to basic concepts in groundwater flow and subsurface contamination, more students in the class indicated that they had insufficient knowledge to respond to the question. This may be a realistic response indicating an increased awareness of the complexity of the issue. • Don't tell us what you think we want to hear-give us your opinion. You are only given credit for participation in this test; no papers will be marked.
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• Interpret terms such as "reasonable" and "generally" as best you can, based on your experience.
• Interpret each statement in its entirety. If there is any part of a statement that you disagree with, then you should lean towards "disagree" in your answer.
• If you do not understand a word or term in a statement, then answer "insufficient knowledge to answer."
• There is space under each question to leave a comment if you wish. This is not mandatory.
• When you later reflect back upon this test please remember that some of the statements are wrong!!! Along similar lines, responses to Statement 3 ("Environmental systems can be readily modeled and understood") indicated that on the posttest, more students disagreed with this statement (Figure 4 ). Answers to attitudinal questions generally exhibited a trend toward increased environmental awareness. For example, there was a significant increase in the number of students strongly disagreeing with Statement 17 ("Most problems can be solved by applying more and better technology") (see Figure 5 ). This statement is clearly broad and ambiguous. Nevertheless, a similar response was exhibited to the more specific Question 10, which examined students' attitudes toward the automobile (see Figure 6) .
Comparisons of students' answers to those given by faculty members in civil engineering revealed both expected and unexpected outcomes. In general, for those questions for which there was a general shift in opinions, it was likely that the new opinions better reflected the opinions of the engineering faculty. Certainly, this was not a surprising result and no doubt reflects socialization into a (locally) dominant culture. However, there were also some interesting differences. Some of these differences related to an understanding of the facts or definitions, and some of them reflected a significant difference in perception.
For example, one of the fairly straightforward definitions was given in the first statement: "An ecosystem is an arbitrarily defined area of land where plants and animals co-exist." There was a strong tendency for the students to accept this statement, whereas the professors rejected it. The part of the statement involving both plants and animals coexisting appears to have been sufficient reason for the students to accept the answer. However, subsequent discussion of the statement among the faculty members indicated that the statement was hung up on not just one point but two ("arbitrary" and "land"), making it too inaccurate to accept.
An interesting parallel issue of definition was raised by Statement 26, involving pH ("pH is a measure of hydrogen ion concentration"). Here, the "nonchemistry" faculty members tended to side with the students that there was much to agree with in the statement; by contrast, this statement was strongly rejected by faculty members with deeper (routine) exposure to chemistry. Clearly, the issue of learned distinctions is a key one in education and learning.
A difference in attitudes was raised by the reactions to Statement 2: "Actions taken to prevent the formation of pollution from engineering processes always save money." In this case, 2nd-year students tended to accept the statement, whereas there was a noticeable shift among 3rd-year students to reject it (e.g., more than double strongly disagreeing in the later-year students). Interestingly, the professors as a group were much more ambivalent about the statement, tending to respond in the middle ranges (2 and 4). Of course, interpreting purely numerical output is something of a tricky process, so it is logical at this point to turn to an analysis of the open-ended questions.
Open-Ended Questions
First question: List the five most significant activities that you would expect to conduct as a practicing engineer. On the pretest, the range of responses to this question was broad, from one-word summaries to fully developed paragraphs. Most students gave answers at two levels: what they would do (means) and why they would do it (ends) (see Table 5 ). More means were given than ends, by a ratio of 5 to 3. Thirty students mentioned only means, and 1 student mentioned only ends. Almost all the students filled in all the five spaces provided, which gave a total of about 500 responses. However, because some of the student an- Note: Total number of means-related responses on the pretest = 387. Total number of means-related responses on the posttest = 314. Total number of ends-related responses = 231. a. The "other" category on the pretest included the following responses: meet people; travel; geotechnical engineering; go golfing with clients; upgrade environmental standards of structures, etc.; specification design and control; find ways to meet updated environmental and building codes; find out if my product meets specification/competitiveness; mining for different minerals; bridge gap between disciplines; learn from nature for design purposes; improve tie between technology and ecology; relaxing, sustainability; and CEO of a company. The "other" category on the posttest included the following responses: applying technical knowledge, prevent, correct, reduce, save, embrace every technology that leads to more sustainable environment, transportation, municipal, treatment of water, waste treatment and water resource, no procrastination, durability of the project, long-term costs, profit, environmental impacts, transportation systems, drinking (2 responses), partying, taking aspirin, helping small villages in India get access to clean water, helping India's cities reduce air pollution, clean water supplies, use computers, solve differential equations, voluntary works either in Canada or overseas, engineering, waste treatment, reduce the need to use automobiles, manufacturing or process engineering, sustainable development, sustainable fuel sources, going on break or lunch, golfing, and actual work. b. Societal needs listed included the following responses: more women in engineering, create more jobs, reduce traffic congestion, increase awareness of engineering. swers were complex, a total of 618 responses were coded.
Although the separation into means and ends may seem arbitrary, these assignments largely followed the students' responses. For example, in the phrase "redesign a road to make it more cost-efficient," the first part is taken as means and the second part is taken as an end. The most popular means were design and planning activities, followed by research, study, and experimentation activities. The most popular end was understanding and protecting the environment, followed by helping and making a difference.
On the posttest, the most notable change was the increase in knowledge of engineering work reflected by the students' answers. They had many more activities to name, and as a result, means were named much more often than ends on the posttest. The ratio of means to ends increased to over 5 to 1.
Second question: Do you consider yourself to have a positive, caring attitude toward the environment?
Give two or more examples to support your answer. Some students were quite vehement about their environmentally friendly behaviors. Out of the 102 responses on the pretest, 84 were easily categorized into "yes" (74), "very strongly yes" (4), and "no/not really" (6) (see Table 6 ). The other responses were more ambivalent. Responses on the posttest were similar to those on the pretest. The data show a small increase in the percentage of students who did not consider themselves to have positive attitudes toward the environment (7% to 11%). But this change was small and could be either an artifact of the classification process or a result of random variation in the data.
The most popular evidence given for environmental caring was in the "three R's" category: "I reduce, reuse, and recycle." The second most popular was "I make green transportation choices." Somewhat surprisingly, on the pretest, the third-place reason was "I don't litter" (17). Only 7 students mentioned engaging in research, education, advocacy, or activism on the pretest. But on the posttest, engagement in environmental activity and maintaining an awareness of environmental issues were jointly in third place. Both of these categories of response doubled relative to the pretest.
Third question: What life experiences influenced your attitude toward the environment?
The students wrote with passion about their life experiences. The analysis focuses on three aspects of the students' responses to this question: how they described the impact of the influence, what environmental issues they mentioned, and what sources of information they mentioned (see Table 7 ).
In describing the impact of the influence, the most frequent responses on the pretest were "[something] changed my attitude" (13), "[something] informed me" (8), and "[something] made me realize there is a problem" (6). This third response was also common on the posttest, whereas responses along the lines of "I saw or experienced . . ." were most frequent.
Air pollution was the issue most frequently mentioned on the pretest (13), followed by solid waste and landfills (6) and a lack or loss of trees (6). Global warming and climate change was seventh in frequency (3).
On the posttest, air pollution and solid waste were again frequently mentioned. References to water treatment and drinking water issues doubled on the posttest; this may be attributed to the Walkerton crisis in the spring of 2000. (Seven people died from contamination of the drinking water supply in Walkerton, Ontario-an issue that received considerable media attention in the province.) Interestingly, significant mentions of dirty cities occurred for the first time on the posttest. But surprisingly, and disappointingly, mentions of global warming and climate change disappeared.
Experiences of the outdoors (hiking, camping, canoeing) were the most frequently mentioned source of information (26), followed by visiting places with bad environmental conditions (20) and books, TV, and the news media (11). Responses mentioning university courses rose from 4% on the pretest to 15% on the posttest.
Fourth question: Name the environmentalist whom you most respect as a role model. The fourth question was a new addition to the 2000 pretest; it did not appear on the 1999 pretest. The question was motivated by an education article (Newhouse, 1990 ) that indicated that the use of role models is an effective environmental education strategy. Do engineering students have respected environmental role models, and if so, who are they? The responses to this question on the 2000 pretest and 2001 posttest are shown in Table 8 . Both classes were reasonably similar in response: 26% to 30% of students gave no answer, 36% to 39% indicated a lack of a role model, and 38% to 44% named role models.
The 41 students on the 2001 posttest who named environmental role models gave 44 names (3 gave two names each). Also mentioned once each were "my biology teacher (high school)," "my Physics teacher in OAC," and "you, sir."
Reflections on the Students' Comments
The students' responses to the open-ended questions were diverse and fascinating to read in their entirety. For example, for the question on engineering activities, there was clearly a wide range of knowledge about the realities of engineering work. Although overall, the categories of activities occurred in proportions that are close to real life, many of the individual responses presented less than a complete picture of an engineering job. Also, out of 387 "means activities" mentioned, only 10 were explicit mentions of financial aspects of engineering (costing, budgeting, financial feasibility, etc.). Interestingly, financial trade-offs were recognized much more clearly in the "ends" dimension of the responses (out of 231 ends, 36 were mentions of making economical designs, considering the economy, or being cost-efficient).
This analysis of the answers to the open-ended questions might lead us to
• choose some of the better informed respondents to the question on engineering activities and arrange for them to talk to other students about their work experiences and • integrate into the curriculum more references to the financial aspects of engineering work.
For the question on environmental attitude, recycling was a highly popular response (47 mentions). One student explicitly stated that if everyone recycled, it would make a big difference, which is true. On the other hand, the 12 students (on the posttest) who engaged in research, education, advocacy, and activism come closer to the professional expectations expressed by Professional Engineers Ontario in its environmental guidelines. Is there a way to move engineering students along that spectrum?
Perhaps recycling could be an effective entry point for discussions about lifestyle and societal choices; students' comments on why they started recycling could raise some interesting points about education and positive example. Market problems related to recycling could also be explored. Moreover, the relative environmental effects of various lifestyle choices could be included in a discussion on sustainability. For example, does using a recycling box redeem using a sport-utility vehicle? If not, is using both an untenably inconsistent position? If so, which should be abandoned? For the question about influences on environmental attitudes, the power of the students' responses is remarkable: However, only one student made the connection that his or her program choice was motivated by environmental concern and was in itself a sign of having a caring attitude toward the environment. Thus, we wonder whether students' lived experiences could be used as a motivation for relevant courses.
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It is interesting that more than 55% of the students surveyed did not name an environmental role model. It would be valuable to compare this response with another question, "Name the person whom you most respect as a role model," and also to compare the engineering students' responses with those of a group of similarly aged students in a different postsecondary program.
Of the 8 environmentalists mentioned more than once, Canadians were named 29 out of 33 times. People whom the students had certainly met were named 12 out of 33 times. The other 21 mentions were of people who are well-known media figures and may in addition have been people whom the students had actually met. No student explicitly mentioned a family member or personal friend. It would be interesting to ask, "Whom among your family members or personal friends do you respect as an environmental role model, and why?" Students' responses to the role model questions suggest some guidance for engineering professors trying to identify influential speakers or visitors to their environment-related programs. First, choose a Canadian (when in Canada). Second, it should be someone with a high profile in the media. Third, do not underestimate the value of the role modeling provided by the program faculty members.
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The students' responses raise an issue related to "big-stage" and "small-stage" environmental advocacy. When these students graduate and start practicing engineering, the engineering advocacy to which their profession calls them is likely to take place in individual or small-group meetings with clients or colleagues. Their role will include having a value structure, an overview of environmental issues, and specific up-to-date, job-related information to support their case-by-case environmental advocacy as the opportunity and need arise. That is small-stage advocacy. It requires different skills from big-stage advocacy: the media personality who makes a television program about a single environmental issue, the professor who prepares a lecture, the author who writes a book for the general public. Big-stage advocacy in a media personality may be inspiring, whereas in a colleague it could just be annoying. We are primarily teaching engineering students to be colleagues. How can we help them identify and model themselves on effective smallstage environmental advocates? students were able to name an environmentalist whom they respected as a role model. Canadian environmental advocate David Suzuki was most commonly mentioned, followed by several of the students' professors.
